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The study in  cluded 75 sub  jects ex  posed to low doses of ex  ter  nal ion  iz  ing ra  di  a  tion and 25
sub  jects from the con  trol group, all male. The first group (A) con  sisted of 25 sub  jects em  -
ployed in the pro  duc  tion of tech  ne  tium, with an av  er  age job ex  pe  ri  ence of 15 years. The sec  -
ond group (B) con  sisted of 25 sub  jects ex  posed to ion  iz  ing ra  di  a  tion from en  closed sources,
work  ing in jobs in  volv  ing the con  trol of X-ray de  vices and am  er  i  cium smoke de  tec  tors, their
av  er  age work ex  pe  ri  ence be  ing 18.5 years. The third group (C) con  sisted of 25 sub  jects in  -
volved in the de  con  tam  i  na  tion of the ter  rain at Borovac from ra  dio  ac  tive rounds with de  -
pleted ura nium left over af ter the NATO bomb ing of Ser bia in 1999, their av er age job ex pe ri -
ence be  ing 18.5 years. The con  trol group (K) con  sisted of 25 sub  jects who have not been in
con tact  with  sources  of  ion iz ing  ra di a tion  and  who  hold  ad min is tra tive  po si tions.
Fre quen cies of  chro mo some ab er ra tions were de ter mined  in lym pho cytes  of  pe riph eral  blood
and com  pared to the con  trol group. The av  er  age an  nual ab  sorbed dose de  ter  mined by
thermoluminescent do sim e ters for all three groups did not ex ceed 2 mSv. In the pres ent study, 
the larg  est num  ber of ob  served changes are acentric frag  ments and chro  mo  some breaks. The
high est  oc cu pa tional  risk  ap pears  to  in volve  sub jects  work ing  in  man u fac tur ing  of  the  ra dio -
iso tope  tech ne tium. 
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INTRODUCTION
Most  sen si tive  to  ra di a tion  is  the  bi o log i cal
macromolecule – DNA. The most fre  quent le  sions
caused by ra  di  a  tion are DNA chain breaks. Breaks
may be found in a sin gle-chain or in both chains si mul -
ta  neously. Dam  ages of sin  gle bases also hap  pen, as
well as ir  reg  u  lar cross  ings of fac  ing chains of DNA or
DNA and pro  teins. Le  sions gen  er  ated in this way can
hardly be com  pletely cor  rected via re  par  a  tive en  zyme
sys  tems. Most fre  quently, they are re  paired in  ad  e  -
quately, pro  duc  ing new er  rors in the DNA du  pli  ca  tion
pro cess, lead  ing to the ap pear  ance of var  i  ous chro  mo -
some forms that nor  mally do not ex  ist in the hu  man
kariotype. These forms are ob  serv  able in the
metaphase of the cell cy cle and are called chro mo some 
ab er ra tions  [1]. 
Chro mo some  ab er ra tions  can  be  nu mer i cal
(changes in the chro  mo  some count) and struc  tural
(changes in chro  mo  some struc  ture). Struc  tural chro  -
mo some  ab er ra tions  can  be  clas si fied  as  un sta ble  or
sta ble.  Un sta ble  chro mo some  ab er ra tions  are  in di ca -
tors of re cent ir ra di a tion. They man i fest them selves as
dicentric, ring, and polycentric chro  mo somes. A char  -
ac  ter  is  tic they all share is the ex  is  tence of an acentric
frag ment which dis ap pears from the cell’s ge netic ma -
te  rial dur  ing cell di  vi  sion, due to the lack of a
centromere. With each sub  se  quent di  vi  sion, the num  -
ber of cells that carry un  sta  ble chro  mo  some ab  er  ra  -
tions in their kariotype is de  creased to one half, cre  at  -
ing  an  im pres sion  that  ab er ra tions  also  dis ap pear  [2].
An ab  er  rant cell can live through ten di  vi  sions at the
most.
Ac cord ing  to  the  In ter na tional  Atomic  En ergy
Agency,  struc tural  chro mo some  ab er ra tions  in clude
chro mo some  and  chromatid  ab nor mal i ties  [3].  If  ion -
iz  ing ra di a tion acts in the G1 phase, be  fore the ge netic
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* Cor re spond ing  au thor;  e-mail:  jelena.m.tisma@gmail.comma te rial is dou bled, chro mo some ab er ra tions oc cur. If
ion  iz  ing ra  di  a  tion acts in the S phase of the cell cy  cle
when the ge  netic ma  te  rial is doubled, chromatid
aberrations occur.
The ob  jec  tive of the pres  ent work was to de  ter  -
mine dif  fer  ences in fre  quen  cies of struc  tural chro  mo  -
somal ab  er  ra  tions with re  spect to the type of the
source,  i.  e. type of ra  dio  ac  tive emis  sion [4].
MA TE RIAL  AND  METHODS
The study in cluded 75 sub jects ex posed to ion iz -
ing ra  di  a  tion and 25 sub  jects from the con  trol group,
all male.
The first group (A) con  sisted of 25 sub  jects, av  -
er age age 40, work ing in the pro duc tion of tech ne tium. 
Tech ne tium is ob tained from mo lyb de num gen er a tors, 
by  pass ing  the  phys i o log i cal  so lu tion  (0.9%  NaCl)
through a col  umn. The length of work-re  lated ex  po  -
sure var  ied be  tween 3 and 30 years. The av  er  age job
ex  pe  ri  ence was 15 years. Pro  tec  tive gloves were used
as a per  sonal pro  tec  tion mea  sure.
The sec  ond group (B) con  sisted of 25 sub  jects,
av er age age 43, ex posed to ion iz ing ra di a tion from en -
closed sources, work  ing in the con  trol of X-ray de  -
vices and am  er  i  cium smoke de  tec  tors. Their work-re  -
lated ex  po  sure var  ied from 2 to 34 years. The av  er  age
length of em ploy ment was 18.5 years. In this group, no 
per sonal  pro tec tion  ac ces so ries  were  used.
The third group (C) con sisted of 25 sub jects, av -
er  age age 43, work  ing on the de  con  tam  i  na  tion of the
ter  rain at Borovac from ra  dio  ac  tive rounds with de  -
pleted ura  nium left over af  ter the NATO bomb  ing of
Ser  bia in 1999. These work  ers me  chan  i  cally re  moved
the sur face layer of soil to a depth of 50 cm. Dur ing this 
pro ce dure,  they  oc ca sion ally  en coun tered  parts  of  de -
pleted  ura nium  rounds.  De con tam i na tion  is  an  ex -
traor di nary  pro ce dure  or ga nized  in  ac cor dance  with
the law and the in  di  vid  u  als in  volved need to be ed  u  -
cated for the task and un  der con  stant health con  trol
mea sures. In this case, they were se lected from a group 
of  in di vid u als  who  were  oth er wise  pro fes sion ally  ex -
posed to ion  iz  ing ra  di  a  tion from en  closed sources in
their ev  ery  day jobs. Their work-re  lated ex  po  sure var  -
ied from 2 to 34 years. Their av  er  age length of work
ex pe ri ence  was  18.5  years.  Dur ing  the  de con tam i na -
tion pro  ce  dure it  self, the ex  po  sure lasted 30 to 120
days. Pro tec tive cloth ing, gloves, and res pi ra tors were
used as per  sonal pro  tec  tion means.
Con trol group (K) con sisted of 25 sub jects, av er -
age age 42, who have not been in con tact with sources
of  ion iz ing  ra di a tion,  hold ing  ad min is tra tive  po si -
tions.
Data for the said groups of sub jects were ob tained 
from  the  re spec tive  logs  of  their  pe ri od i cal  med i cal
check-ups in 2005. A mod  i  fied Morhaed’s method was
used  for  the  chro mo some  ab er ra tion  anal y sis.  Per ma -
nent sam  ples were cre  ated, Gimza-dyed, and ana  lysed
un  der the mi  cro  scope. The anal  y  sis in  cluded at least
200 lym  pho  cytes in the first in vi  tro di  vi  sion. At least
once a year, the con  tam  i  na  tion of the work pre  mises
was checked by a GM-coun  ter and, in  di  rectly, by
swipes of the work sur faces. A work sur face of 10 cm ´
´ 10 cm was swiped by fil  ter pa  per which was then
mea sured for ra dio ac tiv ity by a cal i brated GM-coun ter.
When ac  tiv  ity was found, the radionuclide was iden  ti  -
fied by a mul ti chan nel analyser. Each work sur face con -
tam i nated  above  4·105 Bq/m3 was treated as an ac  ci  -
dent.
For per  sonal pro  tec  tion, the work  ers car  ried
thermoluminescent do  sim  e  ters (TLD) at  tached to the
pock  ets of their lab  o  ra  tory gowns. Read  ings of ab  -
sorbed doses from per  sonal do  sim  e  ters were done
once in three months. The av  er  age an  nual ab  sorbed
dose for all three groups did not ex  ceed 2 mSv.
The re  sults were sta  tis  ti  cally pro  cessed by Stu  -
dent’s t-test (soft  ware Statistica 5.5 for Win  dows 98)
and a Chi-square test (c2) with con tin gency ta bles 2 ´ 3.
RE SULTS  AND  DIS CUS SION
Chro mo some  ab er ra tions  in  the  lym pho cytes  of
pe  riph  eral blood in sub  jects from all groups (A, B, C,
and K) are given in fig. 1.
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Fig ure  1.  Chro mo some  ab er ra tions  in  lym pho cytes  of
pe riph eral blood in sub jects from all groups (A – sub jects 
work ing in tech ne tium pro  duc tion; B – sub jects ex posed
to ion iz ing ra di a tion from en closed sources,  em ployed in
the con trol of X-ray de vices and am er i cium smoke de tec -
tors; C – sub jects in volved in the de con tam i na  tion of the
ter  rain at Borovac from ra  dio  ac  tive rounds with de  -
pleted ura nium left over af ter the NATO bomb ing of Ser -
bia in 1999; K – sub  jects who have not been in con  tact
with sources of ion iz ing ra di a tion and who hold ad min is -
tra tive  po si tions)By  com par ing  struc tural  chro mo somal  ab er ra -
tions in groups un  der study, as pre  sented in tab. 1, sta  -
tis ti cally  sig nif i cant  in creases  of  the  num ber  of  struc -
tural chro  mo  somal ab  er  ra  tions were found in group A
(the group that works in the pro duc tion of tech ne tium), 
as com  pared to con  trol group K. In or  der to con  firm
this, a c2 test was ap  plied (2 ´ 3 con  tin  gency ta  bles),
be ing an an a lyt i cal method for the eval u a tion of sig nif -
i cant  dif fer ences  of  non-para met ric  val ues.
Ta  ble 2 shows the em  pir  i  cal value of the
Chi-square test (c2 = 8.16) for the de  grees of free  dom
DF = 2 and the prob a bil ity of risk 0.05, which is higher
than the the  o  ret  i  cal value. It can, thus, be con  cluded
that the fre  quency of struc  tural chro  mo  somal ab  er  ra  -
tions is sta  tis  ti  cally sig  nif  i  cantly higher in group A,
with re  spect to con  trol group K (p < 0.05).
In the pres ent study, the high est num ber of struc -
tural  chro mo somal ab er ra tions  in volves  acentric  frag -
ments and chro  mo  some breaks [5]: the type of ab  er  ra  -
tions that are called un  sta  ble struc  tural chro  mo  some
ab er ra tions,  those  that  dis ap pear  dur ing  cell  di vi sion.
Upon ex  po  sure to low doses, there is no dif  fer  ence in
dis  ease risk. How  ever, 5% to 10% of the pop  u  la  tion
are nat  u  rally radiosensitive, and all ra  di  a  tion doses
above  nat u ral  lev els  may  re sult  in  bi o log i cal  dam age.
Ex  po  sure to low doses last  ing more than 3 years may
re sult  in  cu mu la tive  bi o log i cal  ab er ra tions  and  dam -
age of DNA [6].
It has been doc u mented that ex po sure to ion iz ing 
ra di a tion (X-rays) may cause chro mo somal dam age of 
cells  [7].  Struc tural  chro mo some  ab er ra tions,
dicentric and acentric, are in  duced by ion  iz  ing ra  di  a  -
tion and rep  re  sent a re  sult of en  zyme mech  a  nisms of
re  pair in the cell’s nu  cleus, fol  lowed by chro  mo  some
dam  age [8]. In cases of ex  po  sure to low and very low
doses of X-rays, the dam  age which does not cor  re  late
with the doses in ques  tion is the re  sult of a cu  mu  la  tive
ef  fect, while the prob  a  bil  ity of DNA le  sions in  creases
with the du  ra  tion of ex  po  sure time [9].
In sub  jects ex  posed to low doses of ra  di  a  tion
(ex  ter  nal ex  po  sure) of al  pha, beta, and gamma rays
that cover a pe  riod last  ing be  tween 7 and 34 years,
higher fre  quen  cies of dicentric and acentric chro  mo  -
somes were found than in the con  trol group [10].
The  de con tam i na tion  of  the  ter rain  from  de -
pleted ura  nium did not con trib ute to the rel  a tive ra  di a -
tion risk. The fre  quency of the dam  aged bi  o  log  i  cal
ma te rial  was  0.12%,  i.  e. 12 in 10,000 or, 1 in 1,000
work  ers. The high  est risk was found in work  ers in  -
volved in the pro  duc  tion of tech  ne  tium: 0.245% i. e.
24.5 in 10,000 or 2 in 1,000 work  ers. Work  ers in the
pro  duc  tion of iso  topes also have an ex  po  sure of at
least 2 years and an av  er  age of more than 10 years of
ev ery day  lab o ra tory  work,  whereas  the  de con tam i na -
tion lasted only a few months. It has also to be said that
these pro ce dures were car ried out by trained staff, pro -
fes sion als  in  ra dio log i cal  pro tec tion,  wear ing  ap pro -
pri ate  pro tec tive  gear.
It is in  ter  est  ing that none of the groups showed
char ac ter is tic chro mo some fig ures (forms) in duced by 
ra  di  a  tion (of the dicentric or ring type), prob  a  bly be  -
cause  all pro fes sional  sub jects  car ried  pro tec tive  gear.
An acentric frag ment can be con sid ered as its dicentric 
equiv  a  lent, but, it also ap  peared spo  rad  i  cally, in in  di  -
vid ual cases only. How ever, one should not ne glect the 
ap pear ance  of  com plete  chro mo some  breaks  (dou ble
break DNA), be  cause they pre  cede the in  duc  tion of
dicentrics. Be  sides, such a lym  pho  cyte is less dam  -
aged for the sub se quent mi to sis, thus liv ing lon ger and
ca pa ble  of  ac cu mu lat ing  new  doses  in  sub se quent  ex -
po sure dur ing which  com plete ab er ra tions oc cur. This
is why such sub jects should be mon i tored, es pe cially if 
the  ex po sure  con tin ues  [11,  12].
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PROCENA  ZDRAVSTVENOG  RIZIKA  PRI  RADU  SA
IZVORIMA  JONIZUJU]IH  ZRA^EWA
Istra`ivawem je obuhva}eno 75 lica profesionalno izlo`enih jonizuju}em zra~ewu i
25 osoba iz kontrolne grupe; sve su osobe mu{kog pola. Ispitanici su bili izlo`eni malim dozama
zra~ewa (spoqna ekspozicija). Prvu grupu ~ini 25 lica koja rade na poslovima proizvodwe
tehnecijuma, sa prose~nim radnim sta`om od 15 godina. Drugu grupu ~ini 25 lica izlo`ena
jonizuju}em zra~ewu iz zatvorenih izvora, koja rade poslove kontrole rendgen aparata sa
X-zra~ewem i javqa~a po`ara u kojima se nalazi americijum, sa prose~nim radnim sta`om od 18,5
godina. Tre}u grupu ~ini 25 lica koja su radila na dekontaminaciji terena Borovac od
radioaktivne municije sa osiroma{enim uranijumom ostale od NATO bombardovawa 1999. godine,
sa prose~nim radnim sta`om od 18,5 godina. Kontrolnu grupu ~ini 25 lica koja nisu u kontaktu sa
izvorima jonizuju}ih zra~ewa i koja rade finansijsko-ekonomske poslove. Ispitivana je
u~estalost hromozomskih aberacija u limfocitima periferne krvi i upore|ivana u odnosu na
kontrolnu grupu. Prose~na godi{wa apsorbovana doza merena termoluminiscentnim dozimetrima 
za sve tri grupe nija prelazila 2 mSv. U ovom radu najve}i broj na|enih promena su tipa
acentri~nih fragmenta i hromozomkih prekida.
Najve}i profesionalni rizik imaju ispitanici koji rade u proizvodwi radioizotopa
tehnecijuma.
Kqu~ne re~i: hromozomske aberacije, jonizuju}e zra~ewe, humani limfociti, profesionalna
.........................ekspozicija